



FOR 1981 and 1982
E





OF THE EARTH AND SUN
FOR 1981 and 1982
By Ann D. Hartung
NASA Manned Spacecraft Center
Scientific and Technical Information Office 1972
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C.
FOREWORD
Since the recent exploration of the moon, more scientists are in need of lunar
ephemeris data and various geometric parameters pertinent to lunar landing studies.
Ephemeris data for 1981 and 1982 are presented in digital and graphical form. All
data are in polar coordinates.
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LUNAR EPHEMERIS AND SELENOGRAPHIC COORDINATES OF THE
EARTH AND SUN FOR 1981 AND 1982
By Ann D. Hartung
Manned Spacecraft Center
INTRODUCTION
Ephemeris data are presented in sections for each month for 1981 and 1982 to
provide a time history of lunar coordinates and related geometric information. A NASA
Manned Spacecraft Center (MSC) modification of the Jet Propulsion Laboratory ephem-
eris tape (ref. 1) was used to calculate and plot coordinates of the earth, moon, and
sun. The ephemeris is referenced to the mean vernal equinox at the nearest beginning
of a Besselian year. Therefore, the reference equinox changes from one year to the
next between June 30 and July 1. The apparent discontinuity in the data is not notice-
able in the graphical presentation, but can be observed in the digital output. The mean
equator of epoch is used in all cases. For 1966 to 1970, the same type of data presen-
tation has been prepared in informal MSC documents. The data for 1971 to 1980 and
1983 and 1984 are presented in references 2 to 7. The computer program used to
compute and plot the ephemeris data is described in the appendix.
COORD I NATE SYSTEMS
The following two coordinate systems are used in this ephemeris documentation.
1. The geocentric inertial (space-fixed) system is a right-handed orthogonal
coordinate system defined by the mean vernal equinox and the equatorial plane at the
nearest beginning of a Besselian year. The X-axis is in the direction of the vernal
equinox, the X-Y plane is in the mean equatorial plane, and the Z-axis is the mean
North Pole.
2. The selenographic rotational coordinate system is a moon-fixed system such
that the X-axis coincides with the mean center of the apparent lunar disk and the
X-Y plane is perpendicular to the mean lunar axis of rotation and therefore defines the
mean lunar equator. The Z-axis is the mean lunar North Pole (ref. 8).
DIGITAL EPHEMERIS
The ephemeris data are presented in digital form as a table appearing before the
figure for each month. The digital data are presented as tables I to XXIV. The digi-
tal output is presented in 4-hour intervals beginning at 0:00 Greenwich mean time
(G. m. t.) on the first day of the month and continuing to 24:00 G. m. t. on the last day
of the month. The month, day of the month, and year are printed at the top of each
digital output page. All the data, except time, are listed in an exponential format, in
which the number following the letter "E" indicates the power of 10 to be applied. For
example, the number -0. 63391735E 01 is interpreted as -0. 63391735 x 10 or
-6.3991735.




EARTH-MOON DIST, n. mi.
SELENOG LAT EARTH, deg
RT ASC MOON, deg
SELENOG LON EARTH, deg
INCLINATION, deg
RA ASCENDING NODE, deg
SELENOG LAT SUN, deg
SELENOG LONG SUN, deg
time measured from 0: 00 G. m. t. January 1, 1981,
and January 1, 1982, respectively
declination of the moon with respect to the earth
equatorial plane, measured positive north
angle between the earth-moon line and the ascending
node of the moon orbit plane with the earth equa-
torial plane; measured in the moon orbit plane in
the direction of motion from the ascending node
distance between the centers of the earth and the moon
latitude of. the subearth point in selenographic coordi-
nates, measured positive north
right ascension of the moon, measured east from the
vernal equinox in the earth .equatorial plane
selenographic longitude of the subearth point, meas-
ured positive east from the 0° longitude meridian
inclination of the earth-moon plane with respect to the
mean earth equatorial plane
right ascension of the ascending node of the earth-
moon plane with the earth equatorial plane, meas-
ured positive east from the vernal equinox
selenographic latitude of the subsolar point, measured
positive north
selenographic longitude of the subsolar point, meas-
ured positive east from the 0° longitude meridian
SUN-EARTH-MOON ANG, deg angle formed by the earth-moon and earth-sun center
line with the earth at the vertex
DAY calendar date of the current month
HOUR, hr G. m. t. hour of the day
GRAPHICALEPHEMERIS
All digital data, except total hours, are plotted in figures 1 to 24. Each month
of 1981 and 1982 is represented by a figure, and each-figure consists of 12 parts
(a to 1). In all cases, parts with like letters represent the same kind of data. For ex-
ample, part (a) of each figure is the lunar declination time history for that month.
With the exception of parts (i) and (1), the abscissa is the day of the month.
Part (i) is a plot of the intersection of the earth-moon line with the lunar surface (lati-
tude as a function of longitude). The first day of the month is indicated on the plot, and
other time ticks can be obtained by referring to part (h) (latitude and longitude as a
function of day of the month). Part (1) is a plot of the intersection of the sun-moon line
with the lunar surface (latitude as a function of longitude). The curve in part (1) in-
cludes more than 360° longitude because, the calendar month is longer than the lunar
month. Time ticks for part (1) can be obtained by referring to part (j) (latitude as a
function of day of the month) and part (k) (longitude as a function of day of the month).
Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, March 14, 1971
924-22-20-00-72
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(b) Earth?moon distance in nautical miles.
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(f)~ Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of .seleno-
graphic longitude for the earth.
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(j) Selenographic latitude of the sun.
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(k) Selenographic longitude of the sun.
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Figure 1. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(f) Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(j) Selenographic latitude of the sun.
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(k) Selenographic longitude of the sun.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 2. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
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(f) Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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Figure 3. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
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(f) 'Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(k) Selenographic longitude of the sun.
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Figure 4. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth- moon .plane.
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(f) Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(j) Selenographic latitude of the sun.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 5. - Concluded.
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fl.2tO"><"»»K 02
-0.1 I02S»?17F: 01
0 .2 IOM114E 02
-0. 1 looitqu: 01
0 . 2 1 0 > 4 » 0 4 R 02
-0 !09*f21fF 01
0.2IO»4] | ! tF: 02
-o . io^ce^. teF; oi
0 . 2 1 0 H « 7 I K 02




- O . I 0 9 1 0 9 9 4 R 01
0 . 2 I O « 2 « N 2 R 02
- O . I O t 9 2 9 3 9 E 01
0 2 I 0 0 2 C 3 0 R 02
- O . I O " 7 S H 6 E 01
0 . 2 I O > 2 4 7 2 R OZ
-O.IOe*7(2!R 01
0 . 2 I O « 2 ) « 2 R 02
- 0 . 1 0 M O J 3 J E 01
0 . 2 I O « 2 3 6 I B 02
-o.ioez3252e oi
0 . 2 1 0 « 2 4 I 3 B 02
-O. I09063S9E 01




O . I Z I . 1 0 I 0 2 K 02
0.12*766171;. 01
O . I 2 H 2 ? U F ; 02
0. I 2 4 7 1 0 0 7 K 0.1
0 . 1 2 I 3 4 7 0 7 R 02
0. I2269.1S7R 03
0.12H6fl7 ' )e 02
0. l /06S70' iR 01
0. I2I .1 '41«R 02
O . I I * 6 2 0 * I K 0.1
0 . 1 2 1 T51P6F 02
0. M6A«.19fiR 03
0. I2 l41!14r 02
0. I 1 4 I > 4 7 1 < I F 01
0. 1 2 I 4 2 4 » « E 02
O . I I 2 M O » 2 E 0 3
0. I 2 ' 4 1 4 6 0 K 02
0. I I 0 4 7 4 2 3 R 03
0. UM42lqR 02
O . I O » 4 1 7 f 2E 01
0. 1 2 I 4 4 > 9 7 R 02
0. l O M O I O O K 03
0.12I4MH6F. 02
O . I 0 4 3 6 4 3 7 E 03
O . I 2 I 4 ^ 7 3 » R 0 2
0 . 1 0 2 3 2 7 7 2 R 03
O . I Z I 4 5 9 6 7 E 02
O . I 0 0 2 9 I 0 6 E 03
O . I 2 I 4 6 0 I I 7 E 02
0.«*2*41<)2E 02
O . I 2 I 4 6 1 I 2 E 02
0 .96ZI7706E OZ
O . I 2 I 4 6 0 A 7 R 02
0 . 9 4 I 8 I 0 0 9 E 02
0 .12I4S937E 02
0 . 9 2 I 4 4 2 9 6 E C2
SUS FXRTH MOON AND
0 . 6 0 4 7 . U 4 7 K 02
0.«2*!4<)67R 02
0 . 6 4 I S > 4 0 2 6 R 02
0.66620972R 02
O . e c e t l t a f E 02
0 .70SS9272K 02
0 . 7 2 ( i « l O S 3 F 02
0 . 7 4 6 S I 5 7 4 E 02
0.76611 I 0 2 R 02
0.7f>3<t<)<)14R 02
O . e O I S M O l E 02
0.«2!tO«^96E 02
0 . > 4 4 4 5 0 9 1 E 02












































TABLE VI. - EPHEMERIS DATA FOR JUNE 1981 - Continued


























O . I 6 S M S 0 7 E 0}
0 . 4 J 3 I 2 9 M E 01




O . I T I 9 3 2 S 5 E 03
0.2n3l("76E 01
0.17394939E 03




O . I I S 3 6 4 6 6 E - O I
0.17996794E 0]
-0.7067529!>E 00
O . I 8 I 9 6 4 6 4 E 03
-O. I422»5( I 'E 01
0.1H3917I7E 03
-e .2i3t i6ooE 01
O.I8594JP6E 03
-0.28460434E 01











EARTH MOOS O I S T .
SKLENOO I.AT FAHTH
0 . 2 I 4 3 I 9 3 4 E 06
- 0 . ^ 3 I 4 6 I > S I K 01
0 . 2 1 4 7 0 6 0 I E Oe
-O.S4S-15357E 01
0 . 2 I K 0 7 7 2 4 E oe
-O.S" i" )^02fSK 01












0 . 2 I 7 2 2 2 2 9 E 06
-0. 6 3 3 C I 2 4 I E 01
0.21746207E 06
-0.6413230^G 01
0 . 2 I 7 6 I > S O O R 06
-0.64e04369E 01
0 . 2 l 7 l ! 9 l l 2 e 06
-0 .6S397tOte 01
0 . 2 I P O « 0 4 f e Ot
-0.6S9I0232E 01










O . I 7 C 9 B O » 1 K 01
0 . * < > 2 2 » 6 9 P e 01







o . * 2 i > e f t 7 4 i > e 01
-0.173S015SE 03
0 . 5 I 1 6 S 4 5 C E 01
-0 .17162 I . I6E 03
0.4940066?^ 01
-0 .1617S2HIE 03





















I N C L I N A T I O N '
5KI.KNPC I .AT. SI'N
0 . 2 1 0 * ? 7 3 7 E 02




- O . I 0 7 4 0 2 5 2 E 01
0 . 2 I O e 3 7 ? 7 F , 02
-0. I072.19^6E 01
0 .2 \0«42»9K 02
- O . I 0 7 0 7 7 I 1 E 01
0 .21084S66E 02
- 0 . 1 0 6 9 I 4 7 I E 01
0 .210»SM7E 02







0 . 2 I O « C P 2 3 E 02
-0.10609447E 01
0 . 2 I O f > 9 < > t 4 E 02
-O.I0592682E 01













fKI FNPO 1 f)N(I «l'N
o. i 2 n ' i i f c f , K n?
0 .90107SS9E 02
0 . 1 2 l 4 S S f . O E 0?
0 . -»070« . inE 02
0 . 1 2 1 4 ^ 3 1 4 E 02
0 . < > 6 0 3 4 0 > 2 E 02
0 . 1 2 1 4 M 0 2 K 02
0.»39<17317E 02
O.I2144°79E 02
O . P 1 4 6 0 3 4 2 E 02
O . I 2 1 4 4 6 « O E 02
0.7992.U.17E 02
O . I 2 I 4 4 5 2 2 E 0 2
0 .77f i f69S5E 02
0. I 2 I 4 4 4 1 C E 02
0 . 7 S C S O I 4 2 K 02
O . I 2 1 4 4 3 7 C E 02
0.7J8I3322B 02
0 . 1 2 I 4 4 4 I 7 E 02
0 .7 I7764«4E 02
O. I2144S53E 02
0.69739636E 02
O . I 2 1 4 4 7 9 I E 02
O . J 7 7 0 2 7 S I E 02












,<l\ FARTH MOON ANC
0.9'i '"94«4F 02
0 . 9 7 7 f 9 0 C 2 E 02
O.H164I ( ,1»E 02
0. I O I S 0 7 7 1 E 01
O.I033674CE 01
O. IO.S22I .12E 01
O.I0706966F. 03
0 . 1 0 - 9 I 2 M E 03
0.1I07M19E 03
0 .1 I2S-S09E 03
0 . 1 1 4 4 1 4 C B E 03



































































D E C L I N A T I O N
I.IAAH A O C I M R V T
-0.6999J721E 01
O . I 9 9 7 C 7 0 7 E 0)
-0.76««»60E 01









-O . IOI"7497 i e 02
0.2M59V44E 0)
- O . I 1 4 M J 2 4 E 02
0 . 2 I 3 3 C 3 0 7 E 03










- O . I 4 B 6 0 7 I 6 E 02
0.22S3SSSIE 03
-O.JS370438E 02





- O . I M 9 4 S I 6 B 02
0.23330631E 03




9 . t l ' * T U t K 6«
-0 .6710TTZ7E 01
0 . 2 I C 9 4 7 S S K 06
-o.tit*ii>»ie oi
0 . 2 I « I O O « 2 < I E 6«
- 0 . 6 7 I 3 I 9 ' 2 E 01
0.2l90^.193e Of
- o . e e < i 2 4 i < i 2 E 01
0 . 2 I 9 0 M I > ; E 06
-0.e663(743E 01
0 .219I012*E 06
- O . C 6 2 6 9 9 I 9 E 01
0 . 2 I 9 I 0 3 S 4 E 06
-0.6SP24077E 01




0 . 2 I 9 0 2 8 P 9 E 06
- 0 . 6 4 0 1 6 K O I E 01










0 . 2 I P 5 4 4 3 P E 06
-0.58344077E 01
0.2K42437E 06





0 . 2 S ^ 9 l 9 < i f l . 01
- O . I 4 7 « 2 ^ 7 K 01
0 . 2 1 4 7 6 0 7 4 E 01
- 0 . 1 4 S S S 1 S 7 E 03
0 . 2 I . M I 4 P . 1 E Ot
-0. I 4 1 6 7 I 4 2 E 0.1
O . I 9 2 2 0 6 « t E 01
- 0 ' . I 4 I 7 « 4 » 4 E 01
0 . 1 7 0 » S > S 2 4 E 01
-0 .139»9119E 0.1
0 .1494>i |49E 01
-IM379P9P2E 03
O. I2" IOS1SE Oi





0 . 6 4 I S 0 6 2 4 E 00
-0.13029566E 03
0.42949307E 00
- O . I 2 « 3 4 7 4 0 E 03
0 . 2 I B 3 4 J 0 1 E 00
- O . I 2 6 3 B B 3 7 E 03
0 .82I24S37E-02








- O . I 1 6 4 2 0 2 1 E 03
-O.I0219739E 01
) , UOl
IVCI I V A T I O V
Sri t'MV, 1 AT. MA
0 ? 1 0 4 i > 2 « f K 0?
-0. I 0 4 f 7 4 A O K 01
0. Z l O l l f (4E I I I
-0. I0«*f IT 01
C . 2 I 1 0 I 0 1 0 E 02
-0. I 0 4 2 9 0 1 9 K (II .
0 . 2 1 1 0 2 4 2 7 E (12
-0. IC40t>90.1F 01
0 . l l l 0 1 « ( i 2 F 02
-0.101««21IE 01
0.2110V104E 02
-0. I 0 3 6 7 I 7 1 E . O I
0 .21106764E 02
-0. I 0 3 4 5 S I 2 R 01
e.2110'2l9E 02
- O . I 0 3 2 3 2 9 6 E 01
0 .2I104671E 02
-0.10300496E 01
0 .2 l l l l l l f>R 02
-0.1027709>E 01
0 Z 1 U 2 S S O E 02
-O.I02S3073E 01
0 . 2 I I I 3 9 6 4 E 02
-0. I 0 2 2 I > 4 2 I E 01
0 .21I IS3S3E 02
- O . I 0 2 0 3 I 0 9 E 01
0 .21 I I6720E 02
- O . . I O I 7 7 I 2 9 E 01
0 . 2 1 1 i e O K l E 02
-O. I0150474E 01







SFI.K\»»! I n\c srs
0 ' 1 Z I S O HIE 02
O . M 4 4 4 4 7 * i E 02
O . I Z I M 7 1 1 E 02
O . M 4 0 7 M 4 E 02
0 : I 2 1 M 1 7 " K 02
0.4i).170',-f.E Oi
• . 1 2 I H S I 4 0 K 0 2
0 .4731U21E 02
0. I 2 I ^ T I 9 1 E 02
0 . 4 S 2 9 C S "i7E 02
0. 12 IM1H4E 02
0.432S10.2E 02
O . I 2 I H 1 7 0 K 02
0 . 4 l 2 2 2 f 9 6 F : 02
0. 12164.164R 02
0 . 3 9 I « 5 7 0 2 E 02
0. I 2 1 C 7 1 4 I E 02




0 . 3 3 0 7 4 C « I E 02
O . I 2 1 7 6 6 2 I E 02
O.J10376S9E 02
0 . 1 2 I S 0 1 5 0 E 02
0.29000612E 02




O . I 2 I 9 1 7 8 4 E 02
0 . 2 2 8 8 9 S I O E 02
0 .12I959B7E 02
0.20B524S7E 02
0 . 1 2 2 0 0 3 4 0 E 02
0 . 1 p e i S 3 9 l > E 02
TN KAHTH N(X)V A\r.
0 l 2 ' 4 « 4 4 f K 01
0. 1 107SI61E 03
0. 1 12"7»6I' 03
0. 1.1436.124K 0.1
O . I 3 f U'dlE 03
0.137972S1B 03
0 . 1 3 9 7 7 6 » » E 03
O . I 4 1 S 8 1 3 0 E 03
0.14.1.1BS96E 03
0.145I4ICIE 03
0 . 1 4 6 9 9 6 S > E 03
0 . 1 4 M 0 2 7 4 E 03
0. I5060956E 03
O . I 3 2 4 I 7 0 3 E 03
0 . 1 5 4 2 2 S I O E 03




































































- 0 . 1 7 6 - i O I O I E 02




0 . 2 4 I 2 6 5 2 6 E 0)
- O . I 0 7 7 7 M 7 E 02
0.24.126263R 01
- 0 . 1 9 I 0 9 E E I E 02
0.24526332E 03
















- 0 . 2 0 9 B 7 H S I E 02
0 . 2 6 3 4 4 0 I K E 0)
- 0 . 2 I O C 4 I 4 0 E 02
0 .26S480f2E 03
- 0 . 2 1 I I 2 4 6 0 E 02
0.267S2606E 03








0 . 2 I P 0 0 4 I 4 E 06
- O . S 3 1 I 2 7 5 S E 01
0.2U84515E 06
-O.M634092E 01
0 . 2 1 7 6 7 7 2 E E 06
- O . S O O P 9 e 2 « R 01
0 .2 I750079E 06
- 0 . 4 M P I 4 7 4 E 01
0.2171I605E 06
-0.46H0625E 01
0 . 2 I 7 I 2 3 3 4 E 06
-0.4S078952E 01
0 .21642296E 06
- 0 . 4 3 2 » « 2 I O E 01








0 . 2 1 5 H I 5 1 6 E 06
-0.33515B4!E 01




0 . 2 I 5 0 7 4 2 2 E 06





- O . I 1 4 3 9 0 4 2 E 03
-0.12221S70K 01
-0. I I 2 3 4 ? 2 7 E 9)
-0 I 4 2 I 9 1 4 I E 01
-0.11029377E 03















- 0 . 9 3 4 3 I I 5 2 K 02
-0 .3I040966E 01
-0 .9 I2746I2E 02
-0.32768I5IE 01












IKCI. ( N A T I O N
FFI.ENtn I.AT. Sl!S
0 . 2 I I 2 2 I > T ) E 02
- 0 . 1 0 0 1 E > 9 0 E 01
0 . 2 1 I 2 4 0 9 I E 0 2
- O . I 0 0 0 6 7 1 0 F : 01
0.21 I 2 M 4 0 F 02
-0. '<971i«30'E 00
0 . 2 1 I 2 E 1 5 0 P 02
-0.99442211E 00
0 . 2 1 I 2 7 0 9 0 E 02
-0 .99I IP95SE 00
0 .2 I12796°E 02
-0 .9»70«5«OE 00
0 . 2 1 1 2 « 7 ( > I E 02
- 0 . 9 e 4 5 l 0 4 P R 00
0 .21 I24 !<29E 02
- 0 . 9 P I O C 5 4 2 E 00
0.21I30206E 02
-0 .9775500IE 00








0 .2 I132S46E 02
-0 .95I>960I2E 00










0 . 1 2 2 0 4 > 3 4 E 02
O . I 6 7 7 D 3 3 7 K 02
O . I 2 2 0 9 4 6 I E 02
0. I 4 7 4 1 2 6 0 E 02
O . I 2 2 I 4 2 I O E 0 2
« . I 2 7 0 4 I 9 « E 02
O . I 2 2 1 9 0 7 1 E 02
0. 106C7124E 02
O. I22240 .14E 02
0 .«6300446E 01
0 .12?210«CE 02
0 . 6 5 9 2 9 E I 7 E 01
O . I 2 2 3 4 2 I 7 E 02
0 . 4 5 5 5 C 7 f 2 E 01
0 .12219414E 02

















O.I 220711 9E 02
0 3 4 4 I 8 4 9 I E 03
O. I2292296E 02
0.34214761E 03
SIA K4RTH H(X^ AXC
0 . 1 6 l 4 ' i « 2 2 E 01
0. 16126 17.1F 03
0. 1650656 IF 03
O . I 6 6 ? 6 l ? f . F 01
0 : l 6 K 6 4 6 2 i > E 03
0. I704I293E 03
O. I72 I46 ' !OE~03
0.!7.1i>1199E 03
0.175347SSE 03
O . I 7 6 5 4 6 0 5 E C3
0 .1769769HE 03
0.17635070E 03
O . I 7 S 0 4 9 0 I E 03
0.17345996E 03



































































































- O . M I 2 I P 4 I E 02
0.3.0523046E 03
-O.I6t411«SE 02
0 . 3 0 7 3 » 0 » I E 03
E.\RTH yoos D I ? T .
^(••I.KVOG I.4T F.AHTM
0 . 2 I 4 S S 1 1 I - E 06
- 0 . 2 2 S 7 1 4 9 0 K 0)
0 . 2 1 4 2 > < 2 4 6 E 06
- 0 . 2 0 2 7 6 2 9 4 F 01
0 . 2 1 4 0 0 » O O E 06
- O . I T 9 4 3 3 7 S E 01
0 .2I372»46E 06
-0.1550 I504E 01
0 . 2 I 1 4 4 4 0 0 E 06
-0.13I93.106E 01
0 .2 I31S41IE 06
- 0 . 1 0 7 C 2 2 7 P E 01
0 .212»6069E 06
-C.«3507( i49E 00
0 .2 I256205E 06
-0.59020310E 00
0 . 2 l 2 2 S < > ? f . F 06
- 0 . 3 4 3 9 I I 7 I E 00
0 . 2 I 1 9 S 1 2 1 E 06
-0.96JI6J98E-01
0.2I I63920E 06
0 .1J I66432E 00
0 . 2 M 3 2 2 P 9 E 06
0.400306I5E 00




0 .2 I034902E 06




O . I 6 3 K 7 J S ^ E 01
0.209339S9E 06
O . I P H 3 0 9 9 3 E 01
RT. ASf . M(X>\
fKi.K\(K I.ON F4RTH
-0 .7S9144SJF 02
-0 .4 .1««042BK 01
- 0 . 7 3 7 4 2 I 4 S E 02
-0.4V1I.129*F 01






- 0 . 6 4 » 6 3 6 9 f . F 02
-0.50604572E 01
-0.62640' i6SE 02
- 0 . 5 m O O O « E 01
-0 .60417470E 02









- 0 . 4 9 3 2 4 « < > 4 E 02











l ^ C L I M T I O S
»:t»<o LAT sc\
0 . 2 1 1 1 1 1 2 - K 02
-0.91'79994F 00
0 . 2 1 1 11044F 02
-0 .914S9S 27E OK




0 . 2 I I 3 2 4 2 4 F 02
- 0 . 9 2 1 6 7 7 7 0 E 00
0 .21 I.12104C 02
- 0 . 9 I 7 2 7 4 3 2 F 00
0. 211117. 1 1E 02
-0.912«2601E 00
0 . 2 I 1 3 1 3 I O E 02
-0 .90833469E 00




0 . 2 1 I 2 9 7 9 0 F 02
- O . P 9 4 6 2 0 9 7 E 00 .
0 .2112921IE 02
-0 . fP99766PE 00, .













SKI f.vnr: i o\n .<r\
0 . 1 2 2 9 7 4 0 4 F 02
0. 3401 I072F 03
0. I2102412F 02
0. 11i"H7.1f IF 03







C . 3 2 9 9 2 S 2 2 F 03
0 .1212599PF 02
0.327l ' i ' (> l IE 03
O . I 2 3 3 0 3 2 ? E 02
0 . 3 2 M > S I 0 3 E 03
0.12314!>09E 02
0.323f 1393E 03




O . I 2 3 4 6 0 8 3 E 02
0.3I770266E 03
O . I 2 3 4 9 A 9 7 E 02
0 .3I5«65^7E 03 -








O . I 2 3 6 4 4 0 0 E 02
0.3054S019E 03
Sl'V FARTH MOON H\G
0. I 6 4 4 4 9 I 2 K 01
0. I62S7H.1K 03
0. 160*9:i20F 03
O . I S ' f O O l l E 0.1
0 .1S609P41E 03
O . I S 4 9 » 9 0 0 E 03
0.113072HE 0.1
O. IS IMP.SSE 03
O . I 4 9 2 I 7 7 4 E 0 3
O . I 4 7 2 8 0 4 8 E 03
0.14533669E 03
O . I 4 3 3 8 6 4 3 E 03
0 1414291IE 03
0.139466IS3E 03















































4 1 J » .








4 I « 4 .
4I6S.
4 l t2 .
.4116.
4 I K O .
41*4.





-0 .161 17.134E 02
0 .30953770E 0)
-o. i s609 io6E ai
0 . 3 I 1 7 0 I 2 7 K 03
- 0 . 1 S O S 7 7 5 6 E 02
0 3 I 3 P 7 1 6 3 K 0)
- 0 . 1 4 4 « 3 9 6 » E 02
0 . 3 i e O « C H C F 01
-0. I 1 » P M 4 S E 02
0 . 3 I C 2 3 3 I 3 E 03
- 0 . 1 1 2 7 I 9 3 4 E 02
O . J 2 0 4 2 4 - . 2 E 03
- O . I 2 6 3 S 1 9 0 E 0?
0 . 3 2 2 6 2 3 1 4 E 0)
- O . I I 9 7 9 0 0 0 E 02
0 .124P2912E 03
-0. I I 3 0 4 I 7 5 E 02
0 .32T0425f .E 03
- O . I 0 6 I 1 S 5 1 E 02
0.329263.16E 01
- 0 . 9 9 0 1 9 H 0 2 E 01
0 .13I49225E 03














EARTH MOOV D I S T .
SKI.EVOC I.)T F.4BTH
0 . 2 0 * < ) < ) ^ M f : 06
0 . 2 I 2 S 5 1 I4E 01
0 .20 'B4 '21E 0$
0.216163S1E 01
0 . 2 0 » 2 9 7 4 2 E Of
0 . 2 C 0 3 I 1 1 6 E 01
0 . 2 0 7 9 4 3 3 > E 06
0 .2»3757*2E 01
0. 2 0 7 S B C 2 F K 06
0 . 1 0 S » e 7 l 4 E 01
0 . 2 0 7 2 2 6 2 7 R 06
0 . 3 2 9 6 0 2 4 6 R 01
0 . 2 C 6 P 6 3 6 2 E 06
0. 3S192699E 01
0 . 2 0 f . 4 9 » S l E 06
0 . 3 7 3 C 0 1 9 1 E 01
0 . 2 0 6 1 3 I 2 2 E 06
0. 3 9 5 I 9 K 2 4 E 01
0 .20S76202E 06
0.4160669.3E 01
0 . 2 0 ? 3 9 l l ' l > E 06
0 .43637914E 01
0 . 20501 SOSR 06
0 .45609^93E 01
0 . 2 0 4 6 4 C O O E 06
0 . 4 7 S I « 0 4 7 E 01
0 . 2 0 4 2 7 2 3 9 E 06
0.493S9631E 01
0 .201«9«62E 06




0 . 5 4 4 4 7 0 2 2 K 01
0 . 2 0 2 7 P I 0 3 E 06
O . S 5 9 C 5 I 9 I E 01
RT. A S C . MOON
.'FI.E'-nr, 1OS PARTM
-0. 3 6 I 2 7 3 0 6 K 02
-O . f \ f f l f . I *E 01





- 0 . 6 2 9 2 3 9 I I E 01
- 0 . 2 7 4 2 I 9 1 S E 02
-0.6111«(I94E 01






-0. ! P 7 f > 6 1 1 9 E 02






-0 .62 I74490E 01
- O . I O I 9 7 ! > 9 9 E 02
-0 .6 I69179SE 01
-0 . (>0543477B 01
-0 .e i l i e069B 01
-0.59109112E 01
-5 .604522C3E 01
-0 .37 t«P607E 01
-0 59693527E 01






0 . 2 1 l 2 4 f O « E (12
-O. ' l t f .1I21E 00
0 . 2 1 1 2 1 9 2 2 K 02
-0. l")17tc9€E 00
0 . 2 1 I 2 3 2 4 » E 02
- 0 . d 4 6 P » 7 » 3 F ; 00
0 . 2 M 2 2 ^ » f E 0 2
- O . P 4 1 9 - > 7 4 2 K 00
0 . 2 1 I 2 1 9 4 C E 02
- O . B 3 7 0 7 0 4 3 E 00
0 .21121313E 02
-O.P3213i '21E 00
0 . 2 1 1 2 C I 7 1 2 E 02
- 0 . » 2 7 1 9 1 S 1 E 00
0 . 2 1 12013'E 02
- O . P 2 2 2 3 1 4 7 E 00
0 . 2 1 1 I 9 4 9 6 R 02
-0. (172511^: 00
0 .2 I119090E 02
-O.H227709E 00
0 . 2 1 I I P 6 2 1 E -02
-0.»072«400F. 00
0.21 l l » 1 3 _ ' F 62
- 0 . « 0 2 2 e 2 7 I E 00
0 . 2 1 1 I 7 C 0 7 E 02
-0 .797272»OF 00
0 . 2 1 1 I 7 4 6 7 E 02
-0 7922-.612E 00
0.21I1717SB 02
- O . T « 7 2 3 2 2 7 E 00
0 . 2 I 1 I 6 9 3 4 E 02
-0.1«2202(>6E 00




RA AsrKvni \ r . simr
fri F\ir. i.o\r, srv
0. 1 2 3 H 6 7 9 f F 02
0 .30 .1443HE 03
0.12169001E 02
0. I D M O f O f . K 03
0. t 2 3 7 l 0 2 f i F 02
0 .29936900E 01
0 . 1 2 3 7 2 0 6 7 E 02
0 . 2 9 7 3 3 I 9 4 E 03
0 .12374S32E 02
0 . 2 9 S 2 9 4 » 9 E 0.3
0. I 2 3 7 6 0 2 C E 02
0 . 2 9 3 2 S 7 » 4 E 03
0.1 2.177 3S2E 02
0 . 2 9 I 2 2 0 7 9 E 03
O . I 2 3 7 C S 2 2 E 02
0 . 2 « 9 1 » 3 7 5 E 03
0. I2379S39E 02
0 . 2 ^ 7 1 4 6 7 0 E 03
0. 123*0414F. 02
0.28S10967E 03
0 . 1 2 3 > m ^ E 02
0 . 2 » 3 0 t 2 6 4 E 03
O . I 2 1 B 1 7 7 2 R 02
0 .28I03^60E 0}
0 . 1 2 3 > 2 2 7 < I E 02







O . I 2 3 8 3 3 S 6 E 02
0.2708SOSOE 03
0.12363452E 02
e .2eee i349B 01
<IA F A R T H MOOS A\C.
0.129' i .1262K 03
0. I 2 7 S 4 9 M F . 03
0 . 1 2 S S 4 0 1 3 K 03
0'. 12.3S23SOE 03
0 . 1 2 1 4 9 9 « I E 03
0. 1 1 9 4 6 » 9 9 K 0.3
0 . 1 1 7 4 3 0 9 2 F 03
0 .11S3«549E 03
0 . 1 1 3 3 1 2 6 1 E 03
0 . 1 1 1 2 T 2 I 7 B 03
0. 10920406E 03






































































- 0 . 3 7 2 S 6 R 0 2 C 01
O . J 4 9 6 0 9 0 0 K 03
- 0 . 2 9 0 S 9 1 4 I R 01
o .3S i i io5<>f ; 03
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(d) Inclination of the earth-moon plane.
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(f) Lunar argument time history.
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Figure 6. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(j) Selenographic latitude of the sun.
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(k) Selenographic longitude of the sun.
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Figure 7. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
Figure 8. - Continued.
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(f) Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(j) Selenographic latitude of the sun.
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(k) Selenographic longitude of the sun.
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(1) Selenographic latitude as a function of Seleno-
graphic longitude for the sun.
Figure 8. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
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(f) Lunar argument time history.











0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Date, September 1981






















































































































0 2 4 6 8 10 12 .14 16 18 20 22 24 26 28 30
Date, September 1981
(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(j) Selenographic latitude of the sun.
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(k) Selenographic longitude of the sun.
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(1) Selenographic latitude as a function of Seleno-
graphic longitude for the sun.
Figure 9. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
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(f) Lunar argument time history.
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(j) Selenographic latitude of the sun.
Figure 10.- Continued.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 10. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(k) Selenographic longitude of the sun.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 11. - Concluded.
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Figure 12. - Concluded.
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Figure 13. - Concluded.
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(f) Lunar argument time history.










0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Date, February 1982











0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Date, February 1982
















































-10 - 8 - 6 - 4 - 2 0 2 4 6 8 1 0
Selenographic longitude of the earth, deg
(i) Selenographic latitude as a function of seleno-












0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Date, February 1982
(j) Selenographic latitude of the sun.
Figure 14.- Continued.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 14. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(f) Lunar argument time history.
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(h) Selenbgraphic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(k) Selenographic longitude of the sun.
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Selenographic longitude of the sun, deg
(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 15.- Concluded.
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(d) Inclination of the earth-moon plane.
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(h) Selenographic latitude and longitude of the earth.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 16. - Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
Figure 17. - Continued.
292
0 24 68 10 12 14 16 18 20 22 24 26 28 30
Date, May 1982,











0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 >
Date, May 1982 i
(f) Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(k) Selenographic longitude of the sun.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 17.- Concluded.
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(b) Earth-moon distance in nautical miles.
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(d) Inclination of the earth-moon plane.
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(f) Lunar argument time history.
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(h) Selenographic latitude and longitude of the earth.
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(i) Selenographic latitude as a function of seleno-
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(j) Selenographic latitude of the sun.
Figure 18. - Continued.
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(k) Selenographic longitude of the sun.
40 80 120 . 160 200 . 240 .. 280 320 360
Selenographic longitude of the sun, deg
(1) Selenographic latitude as a function of Seleno-
graphic longitude for the sun.
Figure 18. - Concluded.
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(f) Lunar argument time history.
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Figure 19. - Concluded.
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TABLE XX. - EPHEMERIS DATA FOR AUGUST 1982
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Figure 20. - Concluded.
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(1) Selenographic latitude as a function of seleno-
graphic longitude for the sun.
Figure 21.- Concluded.
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(f) Lunar argument time history.
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Figure 22. - Concluded.
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(f) Lunar argument time history.
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Figure 23. - Continued.
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(1) Selenographic latitude as a function of seleno-
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Figure 23. - Concluded.
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APPENDIX
DOCUMENTATION OF THE EARTH-MOON-SUN GEOMETRY
COMPUTER PROGRAM FOR THE APOLLO PROGRAM
INTRODUCTION
The Earth-Moon-Sun Geometry Computer Program converts the lunar ephemeris
from Cartesian coordinates to polar coordinates and computes the sun-earth-moon
angle and the selenographic subearth and subsolar points. The results of these compu-
tations are then automatically plotted by the SC-4020 plotter.
The following quantities are obtained in any desired time increment.
1-... Lunar declination
2. Right ascension of the moon
3. Right ascension of the lunar ascending node with respect to the earth equa^-
torial plane
4. Inclination of the earth-moon plane with respect to the earth equatorial plane
5. Argument of the moon from the ascending node of the moon orbit.plane with
respect to the earth equatorial plane
6. Sun-earth-moon angle
7. Selenographic latitude and longitude of the subearth point
8. Selenographic latitude and longitude of the subpolar point
Definitions of the input variables used in the computer program are listed in table A-l.
The computer uses the MSC modified version of the Jet Propulsion Laboratory
ephemeris tape:(ref. 1, tape EPHS or its equivalent) on which Cartesian coordinates of
the moon and suntfor the years between 1951 and 2000 are recorded. The coordinates.
are referenced to the mean equinox at the beginning of the nearest Besselian year,.,
-which-differs from the,beginning of the calendar year by a fraction of a day.
SUBROUTINE INFO
The purpose of the subroutine INFO of'the Earth-Moon-Sun Geometry Computer"
Program is-to obtain earto^mopn-sun>geometry data for a given time period between
1951 and 2000^
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The card input for subroutine INFO includes the following variables.
1. The input variable YEAR is the four-place integer in columns 1 to 4 which
specifies the desired year for the data computation.
2. The input variable DAY is the floating-point number in columns 5 to 14 which
specifies the calendar day of the year referenced to 0:00 hours January 1 of the desired
year.
3. The input variable HOUR is the floating-point number in columns 15 to 24
which specifies the hour of the day, in fractions of an hour if desired, at which the
data computation is to begin.
4. The input variable TINC is the floating-point number in columns 25 to 34
which specifies the time increment between data points (in fractional hours as well as
multiples of 1 hour).
5. The input variable TMAX is the floating-point number in columns 35 to 44
which specifies the maximum time, in hours, to be allotted for obtaining the desired
data. This number will be compared with the current time (the input hour plus the
time increment), and when the current time exceeds TMAX, the computation will be
terminated and the plots drawn or another case read in.
6. The input variable NP is the integer in columns 45 to 46 which indicates
whether plotting on microfilm is desired. If NP = 6, no microfilm and no plots will
be made; the digital output will be on paper print-outs. If NP = 17, plots will be drawn
on microfilm, and the data will be output on microfilm.
The mathematical symbols included in the following explanation of the data com-
putation in subroutine INFO and the corresponding computer program symbols are
defined in table A-I. The lunar declination is computed by
(Al)
The right ascension of the moon is computed by
a = tan"1 (A2)
For the lunar inclination, the right ascension of the ascending node, and the lunar
argument, the lunar momentum vector is computed by
H = R X V . (A3)
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The inclination of the moon orbit plane is computed by
I = tan-1 [ Vnx2 +HZ (A4)
The right ascension of the ascending node of the earth-moon plane with respect to the
earth equatorial plane is computed by
= tan" (A5)
The lunar argument is then computed by
u> = tan (sin iTpTcos + Y sin O) J (A6)
To calculate the sun-earth-moon angle, the dot product of the position vectors of the
sun and the moon is computed by
(A7)
The sun-earth-moon angle is computed by
cos a =
RS ' RM (A8)
For the selenographic latitude and longitude of the earth-moon line, the product of the

















The position vector of the su&with respect to the moon is-computed from the difference
between the position vector of the sun with respect to the earth .and the position vector
-..•of the moon with respect to the earth.
RSM ' RS "
The;selenographic position of'the sun is .the product of the Ubration. matrix of the moon













The selenographic latitude of the sun is
-sun
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and the selenographic longitude of the sun is
, , -
Xsun = tan XS  XSML/
The following restrictions (input requirements) apply to subroutine INFO:
1. The input variable YEAR cannot be less than 1951 nor exceed 1999.
2 . The following routines must be available to subroutine INFO.
a. Subroutine ZEROPI places an angle between 0 and 2n.
b. Subroutine PLOTER uses the NAA-4020 plotting routines to draw plots on
microfilm.
c. Subroutine JPLEPH is the ephemeris reading routine.
d. Subroutine NEWT is the fifth- order Newton interpolation routine.
e. Subroutine UN11 is an auxiliary routine for the 'ephemeris reading routine.
f. Subroutine FSBSF is an auxiliary routine for the ephemeris reading
routine.
g. Subroutine VCMSGN is .an auxiliary routine for the ephemeris reading
routine.
h. The standard IBSYS and the NAA-4020 plotting routines must be used.
3. The MSC modified version of the Jet Propulsion Laboratory ephemeris tape
(tape EPHS or its equivalent) must be placed on logical tape 15 (Fortran IV tape .11).
4. The MSC-4020 routine available on logical tape 19 (Fortran IV tape 17) ena-
bles the user to put a Fortran format on microfilm as it would appear on the printed
paper.
SUBROUTINE PLOTER
The purpose of subroutine PLOTER is to draw plots-on microfilm, using the
NAA-4020 plotting routines. The calling sequence for subroutine PLOTER is as
follows:
CALL PLOTER (DATAX, DATAY, N,. BCDX1,
BCDX2, BCDX3, IGRID, IPRINT, CONS)
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where DA TAX is an array, dimensioned 200, containing the X coordinates.
DATAY is an array, dimensioned 200, containing the Y coordinates.
N is the integer number of points to be plotted.
BCDXl is an array containing the vertical axis heading — a maximum of
30 characters.
BCDX2 is an array containing the horizontal axis heading — a maximum of
30 characters.
BCDX3 is an array containing the title for the plot — a maximum of
90 characters.
IGRID is an integer variable used to indicate the number of plots per frame of
microfilm. IGRID - 1 if only one plot per frame is desired. IGRID > 1 if
more than one plot per frame is desired. Once IGRID is set >1, the follow-
ing plots will be drawn with more than one plot per frame until IGRID is set
equal to one. There is no limit to the number of plots that can be placed on
a frame, but the user should consider legibility.
IPRINT is an integer variable that will suppress printing of headings on the
plots. IPRINT = 1 if no printing is desired. IPRINT > 1 if printing is
desired.
CONS returns the program to the calling routine without a frame advance when
set equal to one. CONS = 1 allows the user to write on the frame just plotted.
CONS = 2 if PLOTER is to determine the spacing (and labeling) for the
X-axis. CONS > 2 results in a frame advance, and the calling program
determines spacing for the X-axis.
The calling program should have the following labeled common statement:
COMMON/HELP/DETR, MINMAX(4)
If DETR = 1, the calling routine supplies the minimum and maximum values of Y
(MINMAX(l) and MINMAX(2)). If DETR = 2, the calling routine supplies the minimum
and maximum values of X and Y. (The minimum value of X is MINMAX(3); the maxi-
mum value of X is MINMAX(4).)
The plots prepared by subroutine PLOTER are drawn by the NAA-4020 routines.
The only restriction on subroutine PLOTER is that the NAA-4020 routines must be
available in the program library.
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SUBROUTINE ZEROPI
The purpose of subroutine ZEROPI is to place an angle between 0 and 2ii. The
calling sequence for subroutine ZEROPI is as follows:
CALL ZEROPI (ANGLE1, ANGLE2)
where ANGLE1 is the angle to be placed between 0 and 2ir, and ANGLE2 is the
resulting angle. The only restriction on subroutine ZEROPI is that ANGLE1 must
be in radians.
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Earth-moon distance in nautical miles
Lunar declination
12 -dimensional array of position and
velocity vectors of the moon
3x3 libration matrix of the moon
Right ascension of the moon
Lunar momentum vector
Inclination of the moon orbit plane with
respect to the earth equatorial plane
Right ascension of the ascending node
Lunar argument with respect to the
earth -moon plane
Position and velocity vectors of the sun
Dummy variable
Unitized position vector of the sun
Dot product of the position vectors of
the sun and the moon
Cosine of the sun -earth -moon angle
Sine of the sun -earth -moon angle
Sun-earth-moon angle
Librated position vector of the moon
Selenographlc latitude
Selenographic longitude
Position vector of the sun with respect
to the moon
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TABLE A-L - EARTH-MOON-SUN GEOMETRY COMPUTER PROGRAM





















XSML' YSML' ZSML Selenographic position of the sun
Selenographic latitude of the sun
Selenographic longitude of the sun
Conversion factor from astronomical
units to earth radii
Conversion factor from earth radii to
nautical miles
Conversion factor from radians to
degrees
Program variable to print day of the
month
Day of the year
Earth radii in statute miles
Current time of the day (G. m. t.)
Integer form of DATE
Integer form of DAY
Error indicator
Variable to determine the number, of
plots per frame of microfilm
Variable to indicate whether to compute
maximum or minimum values for the
plotting scale
Integer form of the month (1 to 12)
Integer from 1 to 7 to indicate the year
^ from 1964 to 1970
Variable to indicate whether to print
on the microfilm plot
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TABLE A-L - EARTH-MOON-SUN GEOMETRY COMPUTER PROGRAM
INPUT VARIABLE DEFINITIONS - Concluded

















X coordinate used in labeling plots
Y coordinate used in labeling plots
Floating-point minutes past the hour
for ephemeris reading
Dummy array
Year in the Besselian calendar
Array of maximum and minimum values
for plot scaling
Floating-point number of the month
Dummy array
Dummy array
Array used to label plots
Time of the day
Total hours after 0:00 G.m.t. Jan. 1
Array for storing names of the months
Array equivalent to WORD
Array for storing the year (being
computed
Arrays used to label plots
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